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Abstract. A new approach to design dual-band two-
branch couplers with arbitrary coupling coefficients at two 
operating frequency bands is proposed in this article. The 
method is based on the usage of equivalent subcircuits 
input reactances of the even-mode and odd-mode excita-
tions. The exact design formulas for three options of the 
dual-band coupler with different location and number of 
stubs are received. These formulas permit to obtain the 
different variants for each structure in order to select the 
physically realizable solution and can be used in broad 
range of frequency ratio and power division ratio. For 
verification, three different dual-band couplers, which are 
operating at 2.4/3.9 GHz with different coupling coeffi-
cients (one with 3/6 dB, and 10/3 dB two others) are de-
signed, simulated, fabricated and tested. The measured 
results are in good agreement with the simulated ones.  
Keywords 
Dual band, branch-line coupler, even-odd-mode ex-
citations, arbitrary coupling coefficient. 
1. Introduction 
Development of the modern wireless communication 
systems with various frequency standards is accompanied 
by the active usage of multiband microwave devices. As 
a directional coupler is one of the base components of 
Radio Frequency (RF) parts of these systems and can be 
used in structure of amplifiers, mixers, phase shifters and 
other devices, therefore in recent years much attention is 
given to new schemes for the couplers, operating at two 
arbitrary frequency bands. In the case of widely used 
branch-line couplers, a lot of dual-band schemes are pro-
posed in the literature. In the majority of reports the struc-
tures of relatively simple two-branch-line couplers are 
considered, two-section topology (tri-branch-line construc-
tion) has been used with the object of bandwidth broaden-
ing. Among all variety of the offered options of a dual-
band two-branch-line coupler realization one can note the 
next main approaches. It may be the usage of right/left-
handed metamaterial transmission lines [1]–[3], the usage 
of stretched segments of line [4] or meander lines [5] for 
branches implementing, the usage of scheme in which all 
ports are extended through a transmission line section [6]. 
Very popular approach in obtaining the dual-band opera-
tion of the branch-line coupler is based on the use of stub 
lines. The structures in which open-circuit or short-circuit 
stubs are connected to all input ports are proposed in [7]. 
Further similar dual-band structures with some specialized 
functions were considered in [8]–[12]. In other options of 
coupler with dual-band response the loading of stub tapped 
to the center of through lines and branch lines [13]–[16], of 
branch lines [17], of through lines [18] is used. The differ-
ence of structures with stubs consists in a way of stubs 
realization for achievement of a definite purpose. In [8], for 
instance, the shunt stubs are folded for placement inside 
the coupler. The usage of stepped-impedance stubs for 
compactness and wide range of frequency ratio is proposed 
in [11], [15]. The multisection stubs, which are employed 
in [12], allow realizing any required value of shunt input 
susceptance. The structure, similar to [14] but with the 
shunt open-circuit dual composite right/left-handed cells, 
which provide the identical sign of phase difference of 
output ports within the two operating frequency bands is 
proposed in [16]. In most cases the principle of equivalent 
replacement was used for design of dual-band devices. 
According to this principle it is necessary to do a substitu-
tion of each branch of the conventional single-band device 
by a two-port structure. The π-type or T-type two-ports 
mostly are used. It is a transmission line segment loaded 
with shunt susceptance at its ends in the first case [7], [8], 
[10]–[12], and at its center in the second case [13]–[16]. 
The electrical parameters (characteristic impedance, elec-
trical length, shunt impedance value) of equivalent struc-
ture have to provide the characteristics of removable 
branch at two frequencies. 
Recently, the considerable attention is directed to 
couplers, which may have arbitrary output power division 
at the two operation bands. These couplers may be useful 
at the design of some devices such as antenna arrays, 
Doherty power amplifiers, mixers and others. In one of the 
first publications on this subject [8] it is offered to use the 
equivalent replacement of 90o section with different values 
of characteristic impedance for different frequencies by 
a two-port, which consists of a stepped-impedance section 
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with open stubs attached to its ends. Similar approach but 
with replacement by conventional π-type two-port with 
single-section stubs is used in [10], and with multisection 
stubs in [12]. The other method of obtaining the required 
output power ratio at the dual frequencies is proposed in 
[19], [20]. It is based on the replacement of branches by 
shorted coupled line sections, application of which is obvi-
ously connected with certain difficulties because of differ-
ent even and odd modes phase velocities and the compli-
cation of layout.  
In this paper, a new method to design dual-band two-
branch couplers with the desired coupling coefficients at 
two operating frequency bands is introduced. As distinct 
from above mentioned this method is based on the usage of 
input reactances of two-pole schemes which are obtained 
by means of  the even-mode and odd-mode excitations. At 
such approach, exact design formulas are received for three 
options of the dual-band coupler with stub lines, which 
differ by number and location of stubs. Proposed calcula-
tion methods may be used in broad range of frequency 
ratio and power division ratio. They allows to obtain the 
different design variants with identical or opposite signs of 
phase differences within two frequency bands for the se-
lection of variant with physically realizable values of char-
acteristic impedances and shunt susceptances.  
2. Design Methodology 
It is known that the majority of directional couplers 
have the structure with one or two planes of symmetry. As 
a rule, for the analysis of a symmetrical four-port network 
the even-odd-mode decomposition method [21] is used, 
which is based on the implementation of magnetic and 
electric walls at this network. In case of bisymmetrical 
structure we can decompose the network into various sin-
gle-port subcircuits (even-even, even-odd, odd-even, and 
odd-odd) by double using the superposition of an even-
mode excitation and odd-mode excitation. The corre-
sponding relations between the input resistances of these 
subcircuits and the scattering parameters of codirectional 
bisymmetrical coupler at the condition of ideal matching at 
its ports and ideal isolation are offered in [22]. From these 
relations it is possible to derive the following expressions 
for the transmission S-parameters of such lossless coupler:  
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In the above, S21 is the transmission coefficient to direct 
port, S31 is the transmission coefficient to coupled port, and 
xee, xoo are the input reactances for the even-even and odd-
odd two-pole subcircuits, where the subscripts e and o 
denote the even and odd mode, respectively. The input 
reactances in (1) are normalized with respect to the refer-
ence (system) impedance Z0 of the ports. The analysis of 
equations (1) showed such their peculiarities: 1) a preset 
combination of values of input reactances gives the re-
quired values of S-parameters, and consequently the re-
quired distribution of output power; 2) if to reverse the 
signs of preset values of input reactances, the values of 
magnitudes of scattering parameters will be not changed 
but the signs of their phases will be reversed. This also will 
provide the necessary distribution of output power and the 
quadrature of phase difference of coupler; 3) if to carry out 
a mutual exchange of preset values of input reactances, i. e. 
supply to reactance хee the value of reactance хоo, and the 
value of reactance хеe to reactance хоo, it will provide the 
required value S31 and will provide the required value of 
the magnitude of parameter S21 but with a reverse sign of 
its phase. Such exchange will also give the necessary dis-
tribution of output power and the quadrature of phase dif-
ference; 4) if to carry out a mutual exchange of preset val-
ues of input reactances, as in point 3 but with reverse of 
their signs it will provide the required value of S-parame-
ters magnitudes but with change of their phase. And such 
exchange will give the necessary power division ratio and 
90 degrees phase difference. 
The values of input reactances which provide the nec-
essary value of coupling coefficient C of a bisymmetrical 
codirectional lossless coupler at the operating frequency 
may be calculated as is offered in [22]: 
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where φ21 and φ31 are the phases of S21 and S31, coefficient 
C in dB. Unlike other methods, formulas (2) allow at the 
design of symmetrical directional couplers to preset a value 
of signal phase on the coupled port and in this way to 
influence the values of the electrical parameters in the 
process of their calculation.   
2.1 Dual-Band Structure with Loaded Ports  
Fig. 1(a) shows the structure of branch-line coupler 
with loaded ports. In [8], [12] for such dual-band structure 
with arbitrary division of power the calculation method 
only for φ21 = -π, φ31 = -π/2, was developed on the base of 
equivalent replacement of λ/4 sections. In offered approach 
by double application of even-odd-mode decomposition 
the initial structure can be divided into four reduced sub-
circuits with purely reactive input resistances (jXee, jXeo, 
jXoe, jXoo) as shown in Fig. 1(b). The normalized input 
reactances of these reduced circuits can be expressed as 
follows: 
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Fig. 1. (a) Dual-band coupler with loaded ports, (b) reduced 
subcircuits. 
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In (3) subscript i = 1,2 points to number of frequency, all 
input reactances, addition reactance jXi and characteristic 
impedances of through lines Z and branch lines Zb are 
normalized to Zo, ti = tan(θi/2), tbi = tan(θbi/2), where θi and 
θbi are the electrical lengths of lines. It follows from (3), 
that the functioning of such coupler with different values 
Сi at different frequencies can be ensured according to the 
first stated above feature of the equations (1), if to provide 
the values of input reactances as required for each fre-
quency. If to use the second feature of the equations (1), 
when for the search of decision it is necessary to change 
the signs of input reactances, at that time it is necessary to 
change the signs of Xi, ti, tbi. The options, which conform to 
features of the equations (1) with a mutual exchange of the 
values of input reactances, may be used only to provide 
C1 = C2. To obtain formulas for calculation of unknown 
parameters Z, Zb, Xi, we will express xi from each of the 
equations (3), for example: 
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In the result of equating two pairs of these expressions for 
xi, two formulas for normalized Z can be derived as 
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At the equating of formulas (4) with taking into account 
the interconnection of input reactances (2), the condition of 
solution of the set of equations (3) is established: 
 .1eoee ii xx  (6) 
And the following formula for normalized Zb is derived by 
the equating of two expressions for xi with inserting (5) and 
by the taking into account (6): 
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In the result of equating of two expressions which have 
been written in terms of the first formula (5) for the center 
frequencies of the lower (f1) and upper (f2) bands (different 
values of i), the following relation is obtained :  
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where kf = f2/f1 is the frequency ratio, θ1 and θ2 = kfθ1 are 
the electrical lengths at f1 and f2. At equating of zb for 
different frequencies from (7) the similar relation can be 
derived as   
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It follows from (2) that the condition (6) can be carried out 
only when the phase φ31 at the coupled output will be equal 
0 or ±. In this case signals at the outputs will be in a quad-
rature, if φ21i = ±/2. Then all input reactances can be ex-
pressed by one of them, for example, by xeei, which de-
pending on a combination of phases φ31 and φ21 can be 
determined from (2) as 
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where the first expression is used at φ31i = 0 and the second 
expression is used at φ31i = ±, the sign before the roots is 
identical to that for φ21i = ±/2.  
Thus, to define values of all electric parameters of the 
scheme in Fig. 1(a), it is necessary to set previously values 
of coupling coefficients and to choose combinations of 
phases φ31i and φ21i with required signs of phase difference. 
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By means of (8) and (9) with use of xeei value calculated by 
(10) the values of θi and θbi can be defined. Values of Xi, Z, 
Zb are calculate by formulas (4), (5) and (7). It should be 
noted that by a choice of values φ31i and φ21i it is possible 
to achieve physical realizable values of Z, Zb and Xi. 
2.2 Structure with Four Shunt Reactances 
Fig. 2(a) shows the structure of dual-band branch-line 
coupler with four shunt reactances. Such coupler, but only 
with the same power division in both bands, was re-
searched in [13]–[16] by using the method of equivalent 
replacement. In accordance with offered approach as 
a result of double application of even-odd-mode decompo-
sition method this whole structure can be divided into re-
duced subcircuits as shown in Fig. 2(b). The normalized 
input reactances of such subcircuits can be evaluated by the 
following equations: 
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where pi = 2xi + zti, pbi = 2xbi + zbti, ti = tan(θi /2). For the 
reduction of quantity of independent variables and also for 
the simple search of the solution of the electrical length of 
branch lines in Fig. 2(a) was accepted as equal to length of 
through sections. If to express xi, xbi, zb from (11.b), (11.с), 
(11.d) and to insert these expressions in (11.а), then we 
reach the previously derived condition of solution (6) of 
the set of equations (11). Consequently, and for this struc-
ture the values of xeei can be calculated by (10). In the re-
sult the expressions for the electrical parameters xi, xbi, and 
zb can then be expressed in terms of xeei as follows: 
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At the equating of xooi from formula (11.d) for different 
frequencies with taking into account that xooi = -xeei the 
following relation is established:  
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Thus, at the beginning of design of coupler with 
structure in Fig. 2(a) for pre-specified values of kf, C1, C2 
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Fig. 2. (a) Structure with four reactances, (b) reduced subcir-
cuits. 
and the chosen combination of phases φ31i and φ21i it is 
necessary to define xeei by (10), θ1 by (15). Further, zb is 
calculated by (14) and the values of xi, хbi are calculated by 
(12)–(13) for each frequency. Besides, for computations it 
is necessary to preset the value of Z as the number of inde-
pendent variables exceeds the number of equations. If to 
assume that Zb = Z, then the following formula for Z can be 
derived from (14):  
 ./2 ee ii txz    (16) 
As in case of the previous structure due to a choice of 
phases’ combinations it is possible as a result of calculation 
by (12)–(16) to receive different options of electrical pa-
rameters and consequently different features of scheme.  
2.3 Structure with Two Shunt Reactances 
Fig. 3 shows the dual-band structures, in which only 
two additional reactances are used. Such two-branch-line 
coupler in condition of dual-band operation but only with 
identical power division is investigated in [17] and [18]. In 
the first case reactances are attached to the center of branch 
lines as shown in Fig. 3 (a) and are implemented by open 
stubs with length equal to θi = θbi. In the second case the 
through lines of 3-dB coupler are loaded by stubs as in 
Fig. 3(b) and the length of branch lines is assumed θbi = 2θi.  
In the structures under consideration the different 
length for the through sections and branches is accepted in 
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Fig. 3. Structures with two reactances, which (a) are attached 
to branches, (b) are attached to through lines. 
order to receive the necessary number of independent vari-
ables. If to apply even-odd-mode decomposition twice to 
structure in Fig. 3(a), then we receive four two-pole sub-
circuits as in Fig. 2(b) but only without the reactances 
connected to segments of a through line. For input reac-
tances of these subcircuits the following relations can be 
written: 
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If to express xi from (17.a), (17.c) and z, zb from (17.b), 
(17.d) and to equate inter se the expressions for xi but with 
the insertion in these the expressions for z, zb, then we 
reach the previously derived condition (6) of solution of 
the set of equations (17). Taking into account this condi-
tion the expressions for xi, z, zb in terms of xeei can be writ-
ten as  
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In the result of equating of two expressions (19), which 
have been written for two operation frequencies, the same 
relation (8) for evaluation of θi is obtained. In the result of 
equating of two expressions (20) for two frequencies, the 
following relation is established: 
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From (21) the values of θb1 can be determined for required 
values of xeei and θi value obtained from (8). 
For structure in Fig. 3(b) the reduced subcircuits will 
be as in Fig. 2(b) but only without the reactances connected 
to segments of a branch line. The input reactances of these 
subcircuits can be evaluated by the following equations: 
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Equation for хооi is the same as (17.d). By the same proce-
dure as in previous case, from these equations it is possible 
to receive the following expressions: 
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The equation for zb is the same as (7), from which the rela-
tion (8) is obtained but for θbi determination. If to equate 
two expressions (24) for different frequencies, we will 
obtain the relation for θi determination: 
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In the same way as before at the design of structures 
in Fig. 3, for pre-specified values of kf, C1, C2 and the cho-
sen combination of phases φ31i and φ21i it is needed to de-
fine xeei by (10), θi, θbi by (8), (21) or by (25), (8) and fur-
ther to calculate Z, Zb by (19), (20) or by (24), (7) and Xi 
values by (18) or by (23) for two frequencies. The results 
of calculations depend on a combination of φ31i, φ21i.  
2.4 Realization of Dual-Frequency 
Reactances 
Dual-band operation of above-mentioned structures 
requires the usage of additional reactances. For their reali-
zation it is possible to use both open or short circuit trans-
mission line stubs and different types of multisection stubs 
formed by transmission line segments connections. Fig. 4 
shows some options of such circuits. Their input reactances 
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at frequencies f1 and f2 have to be respectively equal to X1 
and X2 values. It can be provided by means of two inde-
pendent electrical parameters (of two independent vari-
ables). The application with this purpose of an open-circuit 
stub or a short-circuit stub is a simplest. In this case their θ1 
electrical length can be defined from (15) where instead of 
the relation xee1/xee2 it is necessary to use X2/X1 relation for 
the opened stub or X1/X2 for the shorted stub. Application 
of such stubs is limited to admissible Xi values and in many 
cases gives physically unrealizable results therefore more 
complex structure can be used.  
jXi jXi jXdi jXsi 
Zd, 
θdi
Zc, 
θci
Zd, θdi Za, θai Za, θai 
(a) (b)  
Fig. 4. (a) Stepped-impedance stub, (b) multisection stub. 
The stepped-impedance-stub line in Fig. 4(a) is the 
series connection of two transmission line segments with 
different characteristic impedances Za, Zd and electrical 
length θai, θdi. Opened or shorted at the end second seg-
ment must provide such Xdi values of the input reactances, 
which can be transformed by the first segment to de-
manded Xi values. In this case there is a surplus of inde-
pendent parameters therefore search of the solution can be 
carried out by various ways depending on basic data. For 
example, if Za of the first segment and its electrical length 
θa1 (consequently θa2 = kfθa1) are given, the Xdi can be de-
fined as   
 )/()( aiiaaiaiadi tXZtZXZX     (26) 
where tai = tan(θai), parameters Za, Xi, Xdi are unrationed. 
Further, by method of calculation of single stub the electri-
cal parameters of the second segment can be defined for 
the Xdi values derived from (26). With a choice of other 
pair of independent variables the solution can be derived 
by iterative search of roots of the transcendental equations. 
Structure in Fig. 4(b) is formed by the connection of 
transmission line segment with a T-junction or Y-junction 
of transmission lines or with a segment of coupled lines. 
For the electrical parameters of this circuit the following 
relation is established: 
 aiiaaaiaicidi tXZZtZXXX  ))(/1/1(  (27) 
where Xdi, Xci are the input reactances of segments with 
characteristic impedances Zd, Zc and electrical length θdi, 
θci. Whereas only two independent variables must be then 
values of four parameters need to be set, and so the calcu-
lations can be carried out by different ways. If to set, for 
example, Za, θa1 provided that Zd = Zc, θdi = θci, then 
an input reactance Xdi of each branch will be twice more 
than value calculated by (26). In this case instead of Y-
junction it is possible to use a segment of coupled lines 
with joining of pair of its ends to the first segment. Thanks 
to even-mode excitation of coupled lines the characteristic 
impedance Ze of even mode must be equal to Zd, and the 
electrical length θei of even mode must be equal to θdi. At 
the same time the parameters of odd-mode excitation don't 
influence scheme characteristics. The values of Zd, θdi or 
Ze, θei can be determined from Xdi values in way of the 
single stub. At other option of Fig. 4(b) structure calcula-
tion the values of Za, Zd and θai, θdi can be preset. The Xci 
values, which are necessary for definition Zc, θci can be 
calculated by (27). In accordance with approach which was 
considered in [12] one branch-line of Fig. 4(b) is assumed 
to be a quarter-wavelength long at one of the operating 
frequencies, and values of Za, Zd, Zc are preset. If, for 
example, θс1 = 90°, then Xc1 = 0 (if the opened end) and 
therefore ta1 = X1/Za. Further, from (27) for known Za, ta2, 
Xc2 Xd2 can be defined, and then Zc and θci can be calcu-
lated. The other options of a choice of unknown parameters 
lead to the transcendental equations. Due to possibility of 
deriving the different results depending on initial data and 
consequently of deriving a different frequency dependence 
of jX in operating bands for structures in Fig. 4, thereby it 
is possible to influence characteristics of a branch-line 
coupler. 
3. Simulated and Measured Results 
To verify the offered design concept, and also for 
study of structures features, borders of their possible appli-
cation each variant of a coupler was in detail investigated 
by calculations and simulation. In order to take into the 
account the effect of junction discontinuities and open-end 
effect, the tuning of layouts were carried out by using 
an electromagnetic solver. For experimental demonstration, 
the dual-band couplers were fabricated using the microstrip 
transmission lines on a Teflon substrate with dielectric 
constant of 2.68 and a thickness of 1.45 mm. Electrical 
parameters of these couplers, which are denominated fur-
ther as A, B, C and values of geometrical sizes appropriate 
to them, which are received after correction by means of 
electromagnetic simulation, are listed in Tab. 1.  
A. Coupler with loaded ports. Results of calculations 
of such a coupler by means of expressions given in Sec. 
2.1, completely coincide with the results [8] (4.76/6.97 dB 
at 2.45/5.2 GHz), [12] (3/1.76 dB at 1.96/3.5 GHz), which 
are obtained only for one combination of phases φ31i = -, 
φ21i = -/2 at two frequencies. 
The offered method allows designing the devices with 
smaller value of kf thanks to possibility of a choice of dif-
ferent combinations of phase φ31i, φ21i at the operating 
frequencies. Tab. 2 gives the comparison of minimum 
values of frequency ratio kf, which are permissible from 
point of view of the realizable values of characteristic im-
pedances at various values of C1 and various ratios C1 to C2 
for proposed method at φ31i = -π, φ211 = -π/2, φ212 = π/2, for 
example, and methods [8], [12]. 
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Tab. 1. Circuit parameters and geometrical sizes of the three experimental couplers. 
 
 
C1(dB) 1.5  3 6 10 
C1/C2 [8] Prop. [8] Prop. [8] Prop. [8] Prop. 
0.3 2.1 1.2 - 1.4 - - - - 
0.4 1.8 1.15 2.2 1.2 - 1.7 - - 
0.6 1.3 1.1 1.5 1.1 1.9 1.35 2.3 2 
0.8 1.1 - 1.1 - 1.3 1.3 1.4 1.6 
Tab. 2. Permissible values of kf for the coupler A with loaded 
ports.  
The coupler of this kind for the coupling coefficients 
3/6 dB at 2.45/3.9 GHz (kf = 1.59, inadmissible value for 
methods [8], [12]) has been designed by the proposed 
method and then fabricated and measured. Influence of 
various combinations of phases upon the values of electri-
cal parameters is evident from the results given for this 
coupler in Tab. 3. This affect can be used for choice of 
variant with smaller sizes (shorter segments) or with char-
acteristic impedances, which are possible to implement. 
 
φ311 φ312 φ211 φ212 Z   (Ω) θ1o Zb (Ω) θb1o 
0 0 -π/2 -π/2 43.3 54.6 136.3 201.5 
0 π π/2 π/2 81 205.9 100.5 150.2 
0 π -π/2 π/2 58.6 143 136.1 201.5 
-π 0 -π/2 -π/2 43.3 56.4 100.5 150.2 
-π -π π/2 π/2 81 205.9 136.3 201.5 
-π -π -π/2 π/2 58.6 143 100.5 150.2 
Tab. 3. Dependence of electric parameters of the coupler with 
loaded ports A from combinations of phases.  
 
Fig. 5. Photograph of fabricated coupler A with loaded ports. 
In Tab. 1, the values of electrical parameters of cou-
pler A are given, which are calculated by using (4)-(10) for 
chosen combination of phases φ31i = -, φ211 = -/2, 
φ212 = +/2 and its sizes. Reactances of Xi were realized by 
structure as in Fig. 4(a) with electrical parameters 
Za = 38.2 Ω, Zd = 102.7 Ω, θa1 = 100o, θd1 = 49o calculated 
by using (26). Fig. 5 shows the photograph of the fabri-
cated dual-band coupler. Fig. 6 shows the simulated and 
measured scattering parameters of the coupler. The meas-
ured results indicate that the dual-band operation for small 
kf has been achieved with a slight deviation of a coupling 
level at center frequencies from desired values. The inser-
tion loss are |S21| = -3.12 dB and |S31| = -3.45 dB at 
2.45 GHz and |S21| = -1.61 dB and |S31| = -6.73 dB at 
3.9 GHz, respectively. The opposite sign of a phase differ-
ence φ21i - φ31i at f1 and f2 is caused by the choice at calcu-
lations of an opposite sign of φ21i at these frequencies. 
Information on bandwidths of this coupler A is given in 
Tab. 4. 
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Fig. 6. Simulated and measured S-parameters of coupler A 
with loaded ports. 
 
Coupler 1/|S11|  (>15 dB) 
1/|S41|  
(>15 dB) 
φ21 – φ31 
(±90o±5o) 
Sim. 4.0/4.4 4.0/3.6 5.2/4.4 A 
Meas. 3.9/8.2 3.9/5.6 5.0/8.1 
Sim. −/3.6 −/3.6 11.6/3.4 B 
Meas. 8.4/3.0 −/5.3 10.0/3.7 
Sim. −/3.6 −/3.4 11.1/3.4 C 
Meas. 11.8/3.0 −/3.9 11.5/3.8 
Tab. 4. Bandwidths % of the three experimental dual-band 
couplers.  
Coupl. Z   (Ω) W (mm) θ1o l (mm) Zb (Ω) W (mm) θb1o l (mm) Xi (Ω) Xbi (Ω) 
A 58.6 2.8 143 35.2 100.5 1.0 150.2 32.0 58.6/-46.5 − 
B 54 3.4 129.4 30.4 83.3 1.8 − − 416.1/-338.2 -26.5/-70.3 
C 65.5 2.4 133.6 28.2 60.25 2.8 129.3 31.8 -15.1/ 45.35 − 
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B. Coupler with four shunt reactances. Results of 
calculations of such coupler by an offered method coincide 
with the results [13] (0.9/2 GHz), [15] (2.4/5.8 GHz), 
which are obtained only for C1 = C2 at one combination of 
phases φ31i = -, φ211 = -/2, φ212 = +/2. 
The identical signs of a phase difference at f1 and f2 of 
this structure with different power division can be achieved 
at short segments of lines only for ratio C1/C2 = 0.2−0.8, 
kf < 1.8 and only at long segments for greater values of this 
ratio and kf. The possibility to receive the values of imped-
ances which are admissible for realization depends from 
the choice of phases combination and of Z value. Tab. 5 
gives the examples of calculation of coupler parameters, 
which can serve as corroboration of the told. 
 
φ311/φ312 
φ211/φ212 C1/C2 (dB) kf θ1
o Z   (Ω) Zb   (Ω) 
50 32.5 
3/6 1.2 92.8 
30 57.3 
50 148 
-π/-π 
2
/
2
   
3/7.5 1.4 57.9 
100 59.7 
30 46.1 
3/1 1.8 162.9 
50 28.6 
50 267.2 
0/π 
2
/
2
  
6/3 2.4 128.2 
100 72.8 
100 127.3 0/0 
2
/
2
  6/3 2.4 245.7 
150 89.4 
Tab. 5.  Parameters of coupler with four shunt reactances B at 
the identical signs of phase difference.  
The coupler with this structure can be used for dual-
band work with a considerable difference of coupling coef-
ficients Ci. This is demonstrated by the following example. 
The coupler for the coupling coefficients 10/3 dB at 
2.4/3.9 GHz has been designed by the proposed method 
then has been fabricated and measured. The electrical pa-
rameters of this coupler B, which are calculated by using 
(12)-(15) for phases φ31i = 0, φ211 = -/2, φ212 = +/2 and its 
 
Fig. 7. Photograph of fabricated coupler B with four shunts.  
sizes are given in Tab. 1.Reactances of Xi were realized by 
the short-circuit stub with electrical parameters Z = 
150.61 Ω, θ1 = 70.1o, and reactances of Xbi were realized by 
the open-circuit stub with parameters Z = 106.17 Ω, 
θ1 = 76o. Fig. 7 shows the photograph of the fabricated 
coupler, and Fig. 8 shows the simulated and measured 
frequency responses of it, which agree closely with each 
other. 
The measured data reveal that the required values of 
the insertion losses of a coupled port are obtained at 
2.46/3.97 GHz with the phase differences of 95o/+86o. The 
small discrepancies between the simulated and measured 
results can be explained by deviation of a dielectric con-
stant of substrate from a value used at calculations and by 
the limited accuracy of the prototypes fabrication. Tab. 4 
gives the values of coupler B bandwidths.  
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Fig. 8. Simulated and measured S-parameters of coupler B 
with four shunts.  
C. Coupler with two shunt reactances. The calcula-
tions of such couplers showed that for structure in 
Fig. 3(b), physically admissible values of characteristic 
impedances issue for kf > 1.8 and at different signs of φ21i. 
The structure as in Fig. 3(a) gives more capabilities for use. 
Results of calculations of such coupler with Ci = 3 dB at 
1/2.4 GHz and φ31i = π, φ211 = -/2, φ212 = /2 by the offered 
method completely coincide with results of method [17], 
which was developed for C1 = C2 and opposite signs of 
phase difference at f1 and f2. The identical signs may be 
achieved by the proposed method in broad range of kf 
thanks to selection of combination φ31i, φ21i. Tab. 6 gives 
the results, which corroborate that. 
Results, acceptable for realization with the opposite 
signs of a phase difference may be obtained both at small 
difference of coupling coefficients and like the previous 
case at a big difference of them, which can be illustrated by 
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C1/C2 
(dB) 
φ311/φ312 
φ211/φ212 kf θ1
o Z   (Ω) θb1o Zb (Ω) 
1.5 147.5 65.7 168.7 25.8 0/π 
2
/
2
  
1.7 138.2 52.9 172.7 66.3 
1.8 134.2 49.3 99.2 21.4 
 
3/6 π/0 
2
/
2
  
2.2 126.0 43.7 35.4 85.4 
1.6 134.6 60.8 168.0 22.6 0/π 
2
/
2
  
1.8 123.8 52.1 172.3 52.8 
1.9 68.7 46.4 291.4 73.4 0/0 
2
/
2
   
2.1 63.4 48.4 258.5 37.3 
2.2 61.0 49.5 175.2 111.9 
6/3 
π/π 
2
/
2
   
2.4 57.0 51.6 183.4 29.3 
Tab. 6.  Parameters of coupler C with two shunt reactances at 
the identical signs of phase difference.  
the following example. Calculation of coupler C with the 
same values 10/3 dB of coupling coefficients at frequen-
cies 2.45/3.9 GHz for the same combination of phases 
φ31i = 0, φ211 = -/2, φ212 = +/2 by means of (18)-(21) gave 
the values of electrical parameters, which are listed to-
gether with sizes in Tab. 1. Reactances of Xi were realized 
by the open-circuit stubs with parameters Z = 68.45 Ω, 
θ1 = 77.58°. Fig. 9 shows the photograph of dual-band 
coupler fabricated by sizes, specified as a result of electro-
magnetic simulation. Fig. 10 shows the simulated and 
measured coupler frequency responses which are very 
similar to the previous case. Required values of coupling 
coefficients are obtained at frequencies of 2.47/3.96 GHz 
with the phase differences of 95o/89o. Discrepancies be-
tween the simulated and measured results are caused by the 
same as stated above. The values of coupler bandwidths 
are given in Tab. 4. This type of a dual-band coupler is 
simpler in fabrication, has smaller quantity of discontinui-
ties and the smaller sizes.  
 
Fig. 9. Photograph of fabricated coupler C with two shunts. 
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Fig. 10. Simulated and measured S-parameters of coupler C 
with two shunts. 
4. Conclusions  
The new approach to the design of dual-band two-
branch-line directional couplers with arbitrary coupling 
coefficient at operating frequencies offered in this paper is 
based on the use of networks input impedances, which are 
obtained by even-odd-mode excitations. Three options of 
couplers with bisymmetrical structures, which contain four 
or two addition reactances are considered. Closed-form 
design equations have been formulated for the evaluation 
of parameters of their circuits. The proposed methods of 
calculation gives more design flexibility of coupler because 
of the possibility of choice of a suitable phases combina-
tion on outputs. For verification, three experimental dual-
band circuits operating at 2.45/3/9 GHz with different 
coupling coefficients are demonstrated. Good agreement 
between the simulated and measured results has been ob-
served. The proposed approach may easily be extended to 
the design of other directional couplers with two symmetry 
planes. 
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